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BLUNT TIPPED ULTRASONIC TROCAR 

FIELD OF THE INVENTION 

This invention relates to trocars used to puncture 
tissue for accessing areas of the body to perform endo 
scopic surgery and, in particular, to a blunt tipped tro 
car which uses ultrasonic energy to assist in puncturing 
tissue. 

BACKGROUND OF THE INVENTION 

A trocar assembly for use in endoscopic surgical 
procedures generally comprises two major compo 
nents, a trocar obturator and a tube or cannula. Typi 
cally, the obturator is initially positioned within the 
cannula and has a sharp and pointed puncturing tip 
which is extendable from the cannula. The obturator tip 
is used to penetrate the skin and underlying tissue to 
provide cannula access to a body cavity. The obturator 
is then removed and endoscopic surgery performed 
through the cannula. 
Many trocars have safety shields which can cover the 

tip of the obturator. If the trocar is disarmed, the safety 
shield is maintained in its tip covering position. When 
the trocar assembly is engaged for puncturing, the 
safety shield can be moved to expose the puncturing tip. 
A user then applies a force to the trocar and the obtura 
tor is used to puncture skin and tissue to reach the loca 
tion for surgery. When the force is released, the safety 
shield re-covers the obturator tip. 

It requires a mechanical force to puncture the skin 
and muscles to reach soft tissue, typically the desired 
location for surgery. In abdominal surgery, for example, 
the abdominal wall which comprises epidermal layers, 
fascia, muscle and peritoneum is punctured to reach 
internal viscera. Frequently when the soft tissue is 
reached, there is a sudden release in resistance to the 
puncturing force, at which point the user releases the 
force to avoid undesired puncturing of other tissue with 
the sharp obturator point as the safety shield covers the 
obturator tip. 

It is therefore an object of this invention to provide a 
trocar which further reduces any risk of injury to soft or 
underlying tissue, from a puncturing obturator tip. It is 
also an object of the invention to provide a trocar which 
assists the user in puncturing tissue, thereby reducing 
the necessary amount of user force and enabling greater 
and easier user control. It is another object of the inven 
tion to provide a trocar which would not require a 
safety shield. 

SUMMARY OF THE INVENTION 

The present invention provides a blunt tipped trocar 
for use in endoscopic surgery, for example, to puncture 
the abdominal wall for access to organs or other tissue 
for the performance of surgery. More particularly the 
present invention provides a blunt tipped trocar which 
uses ultrasonic energy delivered to its tip to assist the 
insertion of a trocar obturator and cannula. The blunt or 
rounded obturator tip con?guration of the present in 
vention reduces the risk of unintended injury while the 
ultrasonic energy enables the trocar assembly to pene 
trate tissue with relatively less force than known trocar 
assemblies. 
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In a preferred embodiment of the invention, a shut off 65 
mechanism is provided which turns off the device when 
the trocar has penetrated a patient’s outer tissue, e.g., a 
patient’s abdominal wall. A feedback mechanism is used 

2 
to determine when the tip of the device has penetrated 
tissue at which point the ultrasonic energy delivered to 
the tip is shut off or lowered to an inactive idling state. 

In one embodiment, the feedback mechanism com 
prises a tissue acoustical impedance feedback system in 
which a light sensor located on an inactive portion of 
the trocar assembly, preferably on the obturator hous 
ing, is used to detect light emitted from a light source 
and re?ected from an active portion of the ultrasonic 
obturator to determine the load or impeding effect of 
tissue on the trocar tip. 

In another embodiment the feedback mechanism 
comprises a passive piezo electric element located 
within a piezoelectric stack of an ultrasonic transducer. 
The passive element vibrates with the other piezoelec 
tric ceramic elements of the stack but unlike the other 
elements, is not energized. The vibration of the passive 
element creates an oscillating voltage across the ele 
ment which corresponds to the vibrations of the piezo 
electric stack. From the voltage across the element the 
load on the trocar can be determined by methods well 
known in the art. The passive element may be coupled 
to a control means of a generator used to supply electri 
cal energy to the ultrasonic transducer to cause vibra 
tions. 
Other feedback systems may also be used, for exam 

ple, a pressure detector or strain gauge may be used to 
detect tissue absence or presence or tissue type. Electri 
cal parameters may be used to sense and determine the 
variation in load conditions on the obturator tip as 
acoustical impedance is related to the system impedance 
of the generator and trocar assembly. In such a system, 
either phase differences of voltage and current or mag» 
nitude ratios of voltage and current supplied to the 
handpiece, are used to make this determination. As the 
load is increased, the phase difference between the volt 
age and current changes from a resonant state of 0° to a 
negative phase angle difference related to the load con 
dition. 
The feedback system may also be adapted to sense 

tissue characteristics, such as hard or soft tissue. Differ 
ent tissue types have different acoustical impedances 
which effect the tip loading characteristics. The feed 
back may also be used by the control means to adjust 
the ultrasonic energy level of the vibrating tip in accor 
dance with the load condition, e.g., by increasing the 
energy out put by the generator when load increases. 
Thus a relatively stable energy level may be provided at 
the obturator tip. 
Another feature of the preferred embodiment pro 

vides a reset mechanism which must be used every time 
the trocar is turned off by the shut off mechanism before 
it can be powered up again. 
Another embodiment of the present invention pro 

vides for ultrasonic transducer elements which are inte 
gral with the obturator shaft. 
Another embodiment of the invention provides a 

self-contained ultrasonic generator wherein the elec 
tronic elements are contained within the trocar handle. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 illustrates a trocar assembly of one embodi 
ment of the present invention. 
FIG. 2 illustrates an exploded perspective view of a 

trocar assembly of FIG. 1. 
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FIG. 3 illustrates a cross-sectional plan view of the 
trocar obturator of FIGS. 1 and 2. 
FIG. 4 illustrates a cross-sectional plan view of the 

housing of FIGS. 1 and 2. 
FIG. 5 illustrates a cross-sectional plan view of the 

cannula assembly of FIGS. 1 and 2. 
FIG. 6 illustrates a tissue impedance feedback circuit 

of the trocar assembly illustrated in FIG. 7. 
FIG. 7 illustrates a cross sectional plan view of the 

trocar assembly of FIGS. 1 and 2 with a corresponding 
graph illustrating the ultrasonic energy along the length 
of the trocar. 
FIG. 8 illustrates a distal portion of the trocar assem 

bly illustrated in FIGS. 1 and 2. 
FIG. 9 illustrates a distal portion of trocar assembly 

of another embodiment of the present invention. 
FIG. 10 illustrates a cross-sectional plan view of a 

trocar assembly of another embodiment of the present 
invention with a cut away section. 
FIG. 11 illustrates a cross-sectional plan view of the 

trocar obturator of the trocar assembly of FIG. 10. 
FIG. 12 illustrates a cross-sectional plan view of the 

trocar assembly of FIG. 10. 
FIG. 13 illustrates perspective view of a trocar shaft 

of FIG. 11. 
FIG. 14 is a flow chart illustrating use of the trocar of 

the present invention. 
FIG. 15 is a ?ow chart illustrating the use of the 

impedance feedback system of the present invention. 
FIG. 16 illustrates the trocar obturator of the present 

invention in use on a patient to perform abdominal 
laparoscopic surgery. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIGS. 1-8 there is illustrated a 
trocar assembly 10 comprising a housing 11, a trocar 
obturator 12 and a cannula assembly 14. 
The obturator 12 is the active portion of the trocar 

assembly, that is, it transmits ultrasonic energy or vi 
brates at an ultrasonic frequency. The obturator 12 
comprises an end mass 20, a transducer 21, an ampli?er 
22, a waveguide shaft 23 and a blunt puncturing tip 24. 
The end mass 20 is engageably coupled at its distal 

end to the proximal end of the transducer 21. The trans 
ducer 21 is comprised of transducer elements. In the 
preferred embodiment illustrated in FIG. 2, the trans 
ducer is a PZT stack comprised of alternating active 
electrodes 25 and ground electrodes 26, with piezoelec 
tric ceramic transducer elements 27 alternating between 
electrodes 25 and 26. Each of the active electrodes 25, 
ground electrodes 26 and ceramic elements 27 has a 
bore through its center. The active electrodes are elec 
trically connected to a wire 60 and the ground elec 
trodes 26 are electrically connected to a ground wire 
61. The wires 60 and 61 lead to a generator 62 external 
to the trocar assembly 10. In an alternative embodiment 
the transducer elements may be magnetorestrictive. 
One of the ground electrodes is a mounting dia 

phragm 28 which is in contact with the inside of the 
housing 11 as described below. A bolt 29 is used to 
couple the end mass 20 to the transducer 21, and the 
transducer 21 to the ampli?er 22. The bolt 29 is inserted 
from the proximal end of the end mass 20 through a 
bore in the end mass 20 and the bores in the electrodes 
25, 26 and ceramic elements 27 of the transducer lo 
cated distally of the end mass 20. The bolt 29, threaded 
on its distal end, is screwed into a threaded bore on the 
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4 
proximal end of the ampli?er 22. The proximal end of 
the obturator ampli?er 22 has an o-ring 42 which is 
situated in a groove 43, in the ampli?er 22. The distal 
end of the ampli?er 22 is coupled to the proximal end of 
the waveguide 23. The distal end of the waveguide 23 is 
coupled to the proximal end of the tip 24. The tip 24 is 
tapered toward the distal end of obturator 12 where tip 
24 presents a rounded pro?le. 
The tip may be integral with the waveguide or may 

be attached, for example, as illustrated in FIG. 2 by 
screwing a threaded proximal end 240 into a threaded 
bore 230 in the waveguide. In the embodiment in FIGS. 
1—8, the waveguide comprises a series of o-rings 50 
distributed along its length. The o-rings 50 comprise a 
non-conductive plastic spaced at equal distances along 
the shaft at nodal points, i.e., points at a distance along 
the shaft equal to an integer multiple of % wavelength of 
a predetermined ultrasonic frequency. In other words 
the nodal points are points located along the length of 
the waveguide where the sine wave of the ultrasonic 
vibration amplitude, i.e., the vibrational energy, is equal 
to zero. The waveguide 23 and tip 24 are preferably 
made from a solid core shaft constructed of a material 
which ef?ciently propagates ultrasonic energy, such as 
an alloy of aluminum or titanium. 
The housing 11 comprises an end cap 30, a connector 

31 and a sheath 32. The sheath 32 is preferably com 
prised of a material which has low thermal and electri 
cal conductivity, and a low coef?cient of friction, such 
as te?on or polycarbonate. The end cap 30 is located on 
the distal end of the housing 11 and acts as a handle for 
the user to hold and manipulate the trocar assembly 10. 
The end cap 30 has an upper circumferential portion 36 
and a lower circumferential portion 37. The lower cir~ 
cumferential portion 37 has a larger diameter than the 
upper circumferential portion 36, and thus forms a lip 38 
where it meets the upper circumferential portion 36. 
The connector 31 has an upper circumferential portion 
39 and a lower circumferential portion 40. The lower 
circumferential portion 40 has a larger diameter than 
the upper circumferential portion 39 and thus forms a 
lip 41 where it meets the upper circumferential portion 
39. 
The proximal end of the obturator 12 including the 

end mass 20 and transducer 21 are inserted into the end 
cap 30 so that the diaphragm 28, which has a larger 
diameter than the electrodes 25, electrodes 26 and ce 
ramic elements 27, rests on the lip 38. The upper portion 
39 of the connector means 31 is inserted into and con 
nected to the inner circumference of the lower portion 
37 of the end cap 30 by bolts 33. The obturator mount 
ing diaphragm 28 is then engaged between the lip 38 
and the proximal end of the upper portion 39 by a press 
ing force, thus coupling the obturator 12 to the housing 
11. The lip 41 of the connector means 31 rests against 
the distal end of the end cap 30. 
The connector 31 has a threaded bore 34 on its distal 

end. The housing sheath 32 has a threaded proximal end 
35 which is screwed into the threaded bore 34. 
The housing sheath 32 ?ts over the obturator ampli 

?er 22 and waveguide 23 with the distal end of the tip 24 
extending from the distal end of the sheath 32. The 
o-rings 50 serve as a means to isolate the vibrating por 
tions of the waveguide 23 from the inner wall of the 
housing sheath 32 in order to avoid dampening of the 
ultrasonic wave transmission. Thus the housing 11 is in 
contact with the obturator only in two places: at the 
diaphragm 28 and at the o-ring 42, both of which are 
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located at nodal points. The housing avoids contact 
between the user holding the handpiece and the active 
portion, i.e., the obturator. 
FIG. 8 illustrates an enlarged view of the trocar tip 24 

and ,waveguide 23. A means for isolating the wave 
guide from the housing sheath is illustrated wherein the 
means comprises notches 51 in the waveguide 23 to 
accommodate the o-rings 50. The notch 51 enables the 
o-ring 50 to lie close to the waveguide circumference 
and thereby enable a snug ?t with the housing sheath 
32. 
FIG. 9 illustrates another embodiment of an isolation 

means. The housing 11 comprises a sheath 132 with 
protrusions 151 extending inward from the inner cir 
cumference of the housing sheath to contact the shaft. 
The protrusions 151 are located at nodal points so that 
minimal vibrations are transferred to the sheath and 
minimal dampening of the ultrasonic energy occurs. A 
further embodiment of the isolation means may com 
prise rings which are molded into the obturator shaft. 
The cannula assembly 14 comprises a handle portion 

17 and a cannula tube 18. The housing sheath 32 and 
waveguide 23 ?t within the cannula tube 18. The tip 24 
extends out of the distal end of the cannula tube 18. The 
cannula tube 18 is tapered at its distal end. 
The housing 11 is coupled to the cannula handle 

portion 17 by way of a coupling means 44, at the distal 
end of the housing connector 31, adapted to be received 
by the proximal end of the cannula handle 17. 
As is shown in FIG. 7 the amplitude of vibration 

depends on the location along the tip, with zero ampli 
tude at the nodal points and a maximum amplitude at 
antinode points, i.e., where the magnitude of the sine of 
the vibrational waveform is equal to one. The distance 
of an antinode from its nearest nodal point is }, wave 
length. The distal end of the tip 24 is at an antinode. 
The generator 62 includes a control unit 63 (FIG. 6), 

an input plug (not shown) which may be plugged into 
either an electrosurgery unit or a wall outlet, and output 
wires 60, 61. An input cord 64 is connected from a 
triggering mechanism 67, to the control unit 63 of the 
generator. The triggering mechanism 67 communicates 
with the control unit of the generator to supply ultra 
sonic energy to the trocar tip. In this embodiment the 
triggering mechanism 67 is a foot activated switch 
which may be controlled by the surgeon. 

In another embodiment the triggering mechanism is a 
reset button located on the housing 11 of the trocar 
assembly. The reset button functions as the foot switch 
67 does to switch the trocar assembly 10 from a ready 
state where the generator is on, the trocar is idling and 
initial parameters have been measured, to an active state 
where energy is being delivered to the tip. 
The generator 62 sends electrical energy by way of 

wire 60 to the active electrodes 25 which is returned 
through ground electrodes 26 and then wire 61. The 
energy causes the piezoelectric ceramic pieces to vi 
brate, which cause the obturator to vibrate at a prede 
termined resonant ultrasonic frequency. The resulting 
ultrasonic energy is transmitted to the ampli?er 22. The 
ampli?er 22, due to its con?guration, ampli?es the ultra 
sonic energy which is then transmitted down the wave 
guide 23 to the tip 24. 
The amplitude is dependent on the conservation of 

momentum due to the change in diameter of the obtura 
tor. A tip displacement of from 10 to 300 microns is 
preferred. 
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6 
The frequency of the obturator is predetermined. The 

frequency is preferably high enough so that it is out of 
the human audible range, i.e. above 20 khz. It is believed 
that for a constant amplitude, the higher the frequency 
the more cavitation effect will occur. However, as fre 
quency increases tip amplitude is more difficult to real 
ize because of mass inertia. Thus, a frequency in the 
range of 20 khz to 150 khz is preferred. 
A feedback mechanism is included which measures 

either continuously or periodically, the load condition 
of the trocar tip to determine if a preset load condition 
exists. The control unit acts as a means for controlling 
the energy supplied to the obturator based on feedback 
from the feedback mechanism. In this particular em 
bodiment, the control unit automatically shifts its opera 
tion between an active state and an inactive state, i.e., 
idling or completely off, depending on the load condi 
tion determined by the feedback mechanism. 
FIGS. 14-16 illustrate one use of the trocar assembly 

of this invention. After a patient’s abdominal cavity 90 
has been insufflated with carbon dioxide, using, for 
example, a Verress-type insuf?ation needle, the trocar 
tip 24 is located where a puncture 91 is to be made. The 
trocar assembly is connected to the generator in an 
unarmed state. The generator then measures the initial 
parameters of the obturator, i.e. without a tip load, and 
arms the system, i.e., without a tip load. The trocar is 
then in a ready state at which point the surgeon may 
trigger the power using a triggering mechanism 67, e.g., 
a foot switch or reset button. The surgeon places the 
trocar assembly at an insertion site. Ultrasonic energy is 
delivered to the tip while the surgeon applies a minimal 
force until the trocar is through the insertion site. It is 
believed that the active or energized tip of the wave 
guide causes mechanical pressure and tissue cavitation 
which causes the obturator to penetrate tissue. 
When the feedback mechanism detects a no load 

condition on the trocar tip 24 the control unit turns off 
the ultrasonic energy. The power may not be turned on 
again unless the triggering mechanism 67 is used. The 
trocar 10 may be reset by releasing the triggering mech 
anism. This mechanism provides a safety feature which, 
among other things, prevents accidental repowering of 
the instrument when the trocar has already penetrated 
tissue and turned itself off. 

In a preferred embodiment the load on the tip is mea 
sured periodically and a maximum load is determined. 
When the load decreases in the amount of a predeter 
mined percentage decrease of the maximum load, a 
preset load condition is indicated. In a preferred em 
bodiment, the preset load condition indicates a no-load 
condition at which point the trocar tip has penetrated 
tissue and the trocar is turned off by the shut off mecha 
msm. 

Referring to FIG. 6 one embodiment of a feedback 
mechanism is illustrated. A light source 70 comprised of 
a diode laser emits light to a beam splitter 71 where the 
light is split into a reference beam and a handpiece 
beam. The diode 70 is coupled to a light ?ber 73 at a 
?ber coupler 72. The light ?ber 73 extends through an 
opening 74 in the proximal end of the housing 11 (FIG. 
74). The light ?ber 73 directs the handpiece beam 
towards the proximal end of the end mass 20. The light 
is re?ected off the end mass 20 and is doppler shifted by 
the vibrating end mass 20. The handpiece beam travels 
back through the light ?ber 73, a beam splitter 75 and 
then to a photodetector 77. The reference beam which 
was split at the beam splitter 71, is also received by the 
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photodetector 77 through a ?ber coupler 76. The refer 
ence beam and handpiece beam are modulated to create 
a beat frequency which is converted by the photodetec 
tor 77 into a modulated electrical signal. The modulated 
electrical signal is sent to a frequency analyzer 78 which 
determines the load on the trocar tip based on the dop 
pler shift determined by the beat frequency. The fre 
quency analyzer 78 communicates with the control 
means 63 of the generator. The control means 63 turns 
the trocar off at the appropriate load level. 

In addition to being adapted for detection of either 
load/no-load conditions, the feedback mechanism may 
be speci?c tip load level, or a change in load. 
The user may cause an increase in impedance by 

applying more pressure when inserting the trocar. As a 
safety feature, the instrument also may be adapted to be 
sensitive to the amount of pressure applied by a user to 
permit the user to release pressure to turn off the ultra 
sonic energy at any time before, during or after trocar 
penetration has occurred. The instrument may also be 
adapted to turn off at a ceiling impedance or load level. 
This feature will permit the instrument to turn off when 
an unusually high impedance level is reached, for exam 
ple, because the tip has reached bone or because the 
instrument is cracked or fractured in which case the 
impedance measured at the tip will appear high. 

In another embodiment, the feedback mechanism 
may be used to adjust the ultrasonic energy level in 
response to change in tissue consistency as re?ected in 
the tip load. The feedback mechanism can detect the 
load and increase the energy to the transducer to com 
pensate for loss of energy to tissue and resulting de 
crease in tip displacement due to the load. 
The obturator may be semi-reusable or for single 

patient use and packaged with at least one disposable 
trocar and may be designed to connect to current dis 
posable trocar cannulas. 

Referring now to FIGS. 10-12 there is illustrated 
another embodiment of the present invention. The tro 
car assembly 100 comprises an obturator 112 and a 
cannula 114. The obturator 112 comprises a housing 111 
coupled at a proximal end 120 to an obturator shaft 122. 
The obturator shaft 122 comprises a piezoelectric trans 
ducer 121 integral with the obturator shaft 122 for con 
verting electrical energy into ultrasonic energy which is 
transmitted along the length of the shaft 122 to a tip 123. 
The tip 123 is coupled to a threaded bore 190 at the 
distal end of the shaft by a threaded proximal end 191. 
The shaft has indentations 152 at nodal points to accom 
modate o-rings 150. 
The cannula assembly 114 comprises a handle 117 

and a cannula tube 118 attached thereto. 
The obturator housing 111 has connector prongs 119 

which are received by the cannula handle 117 to couple 
the cannula 114 to the obturator 112. The obturator 112 
is insertable through the cannula handle 117 and can 
nula tube 118 so that the obturator tip 123 extends from 
a tapered distal end 113 of the cannula tube 118. The 
o-rings 150 located at nodal points along the obturator 
shaft 122 serve to isolate the cannula 114 from the active 
obturator. The ultrasonic energy is ampli?ed at the 
obturator tip 123. 

In this embodiment high voltage electronic generat 
ing elements 162 are embedded in the obturator housing 
111 which act as a generator to provide energy to the 
transducer 121 while drawing energy from an electro 
surgery generator, or wall AC-outlet. Energy may op 
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8 
tionally be supplied from generator exterior to the hous 
mg. 

It may be observed from the above that numerous 
equivalents or modi?cations may be made without de 
parting from the spirit and scope of the invention. No 
limitation to the claimed invention is intended from the 
speci?c embodiments described herein. 
What is claimed is: 
1. A trocar assembly comprising 
a cannula comprising a cannula handle and a cannula 

tube extending from said cannula handle; 
an obturator comprising: an ultrasonic transducer, a 

solid blunt puncturing tip and a shaft wherein said 
obturator is adapted to be inserted through said 
cannula tube; and 

a housing containing said ultrasonic transducer, 
wherein said shaft has a proximal end coupled to said 

transducer and a distal end coupled to said blunt 
tip; and 

wherein electrical energy is supplied to the trans 
ducer to cause the transducer to vibrate at a se 
lected frequency and propagate vibrations along 
the shaft to the tip. 

2. The trocar assembly of claim 1 wherein said hous 
ing is adapted to be used as a handle to manipulate the 
trocar assembly. 

3. The trocar assembly of claim 1 further comprising 
a connector which secures the transducer to the hous 
ing at a nodal point. 

4. The trocar assembly of claim 3 wherein the hous 
ing connector comprises a distal end with a coupling 
means for coupling the housing connector to the can 
nula, said coupling means adapted to be received by the 
proximal end of the cannula handle. 

5. The trocar assembly of claim 1 wherein said hous 
ing further comprises a sheath coaxial with the shaft and 
?tting over the outer circumference of the shaft; and 

wherein said sheath of said housing is adapted to be 
inserted through said cannula tube. 

6. The trocar assembly of claim5 wherein said sheath 
comprises a polycarbonate material. 

7. The trocar assembly of claim 5 wherein said obtu 
rator further comprises 

isolation means for isolating vibrations along the shaft ' 
from said sheath, said isolation means located at 
least one nodal point. 

8. The trocar assembly of claim 7 wherein said isola 
tion means comprises at least one o-ring situated in a 
corresponding groove formed in said shaft at a nodal 
point. 

9. The trocar assembly of claim 7 wherein said isola 
tion means comprises at least one protrusion extending 
circumferentially inwardly from the inner circumfer 
ence of the sheath to contact said shaft at a nodal point. 

10. A trocar obturator for puncturing tissue to access 
a location for endoscopic surgery comprising: 

an ultrasonic transducer 
a solid blunt puncturing tip; and 
a shaft having a proximal end coupled to said trans 

ducer and a distal end coupled to said blunt tip; 
wherein electrical energy is supplied to the trans 

ducer to cause the transducer to vibrate at a se 
lected frequency and propagate vibrations along 
the shaft to the tip. 

11. The trocar obturator of claim 10 wherein the 
transducer comprises piezoelectric elements. 

12. The trocarv obturator of claim 10 wherein the 
transducer comprises magnetorestrictive elements. 




